The study was made on the relationship between in vivo vaginal TTC reduction and the epithelial histology of mouse vagina under the influences of various antiestrogens such as MER-25, progesterone and testosterone. MER-25 markedly inhibited the estrogen-stimulated vaginal TTC reduction when administered simultaneously, but the inhibition was reduced or abolished according to the injection interval between estradiol and MER-25 being prolonged for 3, 6 or 12 hrs. Progesterone and testosterone, however, produced almost consistent inhibition without regard to the time of administration within a period of 12 hrs. after the estrogen injection. Histological investigations on the vaginal epithelium also demonstrated that MER-25 almost completely blocked an earlier response to estrogen, primary proliferation of epithelial cells, while progesterone and testosterone allowed the epithelial proliferation in a relatively normal manner.
In our previous port (Hori and Miyake, 1965) , it was concluded that the estrogen-stimulated 2,3,5-triphenyltetrazolium chloride (TTC) reduction in vagina is an earlier transient phenomenon in the process of vaginal cornification, in which the superficial cells are brought into the anaerobic condition resulting from the rapid differentiation of epithelium. Further studies were conducted to see whether such an intimate relationship between the differentiation of vaginal epithelium and the increase of TTC reduction in superficial cells may exist even under the influences of anti-estrogenic substances, and to use of this phenomenon for the analysis of mode of action of various anti-estrogens.
1-(p-2-Diethylaminoethoxyphenyl)-1-phenyl-2-(p-methoxyphenyl)-ethanol (MER-25), progesterone and testosterone were selected as typical anti-estrogens for this study.
MATERIALS AND METHODS

Animals
Female albino mice of our DS colony were used through the experiments. Vaginal TTC reduction Twenty-seven hrs. after the estrogen injection, animals were treated with an intravaginal micro-injection of 1 mg of 2,3,5-triphenyltetrazolium chloride (TTC) dissolved in a volume of 0.02 ml of distilled water. Exactly 30 mins. later, the animals were autopsied, and the vaginae were isolated. The amount of formazan formed in the vagina during 30 mins. was extracted and determined colorimetrically by the method described in the previous report (Hori, 1964a 
RESULTS
Vaginal TTC reduction As previously reported (Hori, 1964a) , 0.03 pg of estradiol is enough to produce the maximal increase in the vaginal TTC reducing activity when administered subcutaneously. Accordingly, a dosage of 1 mg of MER-25, progesterone or testtosterone, which is needed to produce almost maximal inhibition on the estrogenstimulated TTC reduction (Hori, 1964b) , was administered simultaneously with or at various intervals after the estrogen treatment to see how an antagonistic effect might change. The results presented in Table 1 indicate that MER-25 markedly inhibits the vaginal response to estradiol when administered simultaneously, but this inhibition is reduced when MER-25 is administered 3 hrs. later and it is completely abolished when the compound is given 6 or 12 hrs. after the estrogen injection. Progesterone and testosterone also inhibit the vaginal response to estradiol, but their patterns of inhibition are different each other and from MER-25. Inhibitory effect of progesterone is somewhat greater when administered 3 or 6 hrs. after the estrogen injection father than when given simultaneously or 12 hrs. later. Testosterone produces a consistent inhibition with no relation to the time of administration.
These results suggest that MER-25 may inhibit the initiation of estrogen action, but it is not able to block the estrogen action which has already been generated, and either progesterone or testosterone seems to affect rather later stage of estrogen action. Vaginal histology Histological examinations were made on the vaginal wall of the spayed mice receiving the various treatments described above. As shown in Figure 1 , vagina of the mice receiving sesame oil alone has completely atrophied and non-differentiated epithelium covered with a single layer of superficial cells. At a period of 27 hrs. after the treatment of 0.03 pg of estradiol, a markedly proliferated and differentiated epithelium covered by the well developed superficial cells is observed in the sections of vaginal tissue, an example of which is presented in Figure 2 . When I mg of MER-25 is simultaneously given along with estradiol, neither the proliferation of basal cell nor the development of granular layer is obtained in the vaginal histology (Fig. 3) . Simultaneous administration of progesterone or testosterone along with estradiol, however, causes only minor changes in the vaginal histology comparing with the case of estradiol alone. Proliferation of basal cells as well as swelling of superficial cells after estrogen stimulation is not inhibited by progesterone or testosterone given simultaneously (Figs. 4 and 5) . Keratinization of epithelium, however, is almost completely inhibited by progesterone (Fig. 4) and partially inhibited by testosterone (Fig. 5) .
Histochemical observations were made on the frozen sections of vaginae obtained from the mice receiving the various treatments described above. The results indicate that formazan particles are located mainly in the superficial cells and the density of deposition depends on the development of granular layer under there. This confirms the conclusion of previous reports (Hori and Miyake, 1964 and 1965) . These histological findings are roughly summarized in Table 2 , showing that all the estrogen-induced early changes in vaginal histology are prevented by MER-25 administered simultaneously, whereas progesterone and testoterone affect rather later stage of estrogen action to inhibit the differentiation of epithelial cells, especially the keratinization.
This agree well with the results on the vaginal TTC reduction presented in the previous paragraph. The data on the vaginal TTC reduction demonstrate that MER-25 produces almost complete block of estrogen action only when the both compounds were administered simultaneously, but it is unable to antagonize when administered 6 or 12 hrs. after the estrogen injection. Progesterone and testosterone, however, are able to produce anti-estrogenic action even when the steroids are given 6 or 12 hrs. after the estrogen injection as well as when administered simultaneously with estrogen. Histological observations suggest that MER-25 inhibits all of the early morphological changes in vagina which appear 27 hrs. after the estrogen injection, while progesterone or testosterone inhibits only a later stage of estrogen response such as differentiation of the epithelial cells without affecting the proliferation of basal cells which seems to be an earlier response to estrogen. These facts indicate that the difference exists in the mode of anti-estrogenic action between MER-25, progesterone and testosterone. demonstrated that MER-25 inhibited the incorporation of tritiated estradiol into the uterus of the immature rat. Stone (1964) also reported that MER-25 inhibited the early uptake of estradiol by the uterus and by the vagina of spayed mice when both compounds were administered simultaneously. These observations indicate that the competition of MER-25 with estrogen on the site of action may be involved in the mechanism of anti-estrogenic action of MER-25.
Concerning the effects of progesterone and testosterone, Emmens et al. (1962) reported that either steroid inhibits the action of estrogen in respect of uterine growth and vaginal cornification but fails to interefere with the earlier action of estrogen which is recognized by the mitotic count, thickness of vaginal epithelium and even vaginal TTC reduction in spayed mice. A variety of tests with various parameter have been used for analyzing the interaction between estrogen and anti-estrogen. It has been considered that uterine growth and vaginal cornification, both of which are classical but still popular as the end-points for estrogen or anti-estrogen assay, are not able to provide adequate information for the evaluation of anti-estrogenic agents, because the process of tissue growth or differ-entiation involves so may factors far from the primary action generated by a particular hormone that it is hard to decide whether the anti-estrogenic effect obtained on the uterine weight or the vaginal cornification is really a specific antagonism or not. In this connection, it has been demonstrated that the increase in vaginal TTC reduction is not only more specific but earlier response to estrogen than the vaginal cornification or the uterine weight increase (Martin, 1960 ; Hori, 1964b) .
The site of TTC reduction in the vagina and its mechanism, have been clarified by Hori and Miyake (1964 and 1965) who indicate that the TTC reduction takes place in the superficial cells and this is closely connected with the epithelial differentiation following the proliferation of basal cells which appears to be a morphological change primarily induced by estrogen stimulation. This is strongly supported also by the present experimentation showing that the difference between the 3 compounds MER-25, progesterone and testosterone, in their patterns of anti-estrogenic response manifests according to the time of injection when the vaginal TTC reduction is used as a criteria (Table 1) . This corresponds well with the histological findings in vaginal epithelium (Table 2) . It is suggested, therefore, that the vaginal TTC reduction is not only a good parameter for anti-estrogen assay but also a useful response for analyzing the mode of action of anti-estrogenic substances to some extent.
